(WUE), and soil water depletion varies among species and cultivars. Hattendorf et al. (1988) reported mean daily water use of sunfl ower (Helianthus annuus L.) at 22% greater than rates for corn (Zea mays L.), grain sorghum [Sorghum bicolor (L.) Moench], pearl millet [Pennisetum americanus (L.) Leeke], or soybean. Indeterminate soybean cultivars used more soil water than corn by the end of growing season (Bargava et al., 1976) . Specht et al. (1986) observed diff erences among soybean cultivars in response to a seasonal water gradient and found some cultivars were less sensitive to drought while others performed better under irrigation.
Information on water requirements of legumes, particularly in combination with other crops, is necessary to understand the eff ect of including soybeans in doublecropping systems. Information on such basic agronomic characteristics of soybean in the SGP requires defi nition. The objective of this study was to determine the amount of water used and WUE of forage and grain-type soybean cultivars, and their eff ects on soil water content during the summer growing season, in a production system with continuous no-till winter wheat.
MATERIALS AND METHODS

Study Site
Experiments were conducted during June through October of 2003, 2004, and 2005 at the USDA-ARS Grazinglands Research Laboratory (35°40′ N, 98°00′ W, elevation 414 m) near El Reno, OK. Soil on the experimental site was a Brewer silty clay loam (fi ne-silty, mixed, superactive, thermic Pachic Argiustoll) with a pH of 6.6 (USDA-NRCS 1999). Mean (1980 Mean ( -2005 maximum and minimum temperatures during June through October were 37 and 20°C, respectively. The 25-year (1980-2005) average rainfall during the growing season ( June-October) was 412 mm and 865 mm annually. Average date of fi rst killing frost (90% probability) was 2 November ( Johnson and Duchon, 1995) .
Experimental Design
Soybean cultivars included in the study were the forage-type cultivars Derry, Donegal, and Tyrone and the common grain cultivar Hutcheson (as a control). Following seed harvest of winter wheat in June, 26 kg ha -1 P was applied to support soybean growth. Seeds were inoculated and planted 2.0 cm deep in no-till wheat stubble (stubble height 20-25 cm) at 60 kg ha -1 with a 60-cm row spacing in replicates (n = 3) of fi ve, 3 by 20 m plots. One plot in each replicate was left as a traditional summer fallow treatment to serve as a second control in describing soil water to cultivars. Planting dates were 10 to 11 June in 2003 June in , 2004 June in , and 2005 . Access tubes (1.2 m in length) for a neutron probe (Campbell Pacifi c Nuclear International, model 503 DR, Martinez, CA) were installed with a hydraulic soil probe near the center of each plot in two replicates.
Data Collection
Data related to rainfall and ambient temperature was monitored at the experimental site. Soil moisture was measured (±3 d) on 11 June, 15 July, 2 and 15 August, 1 September, and 2 and 16 October of each growing season at soil depths of 0 to 20 cm, 20 to 35 cm, 35 to 50 cm, and 50 to 65 cm. The neutron probe was calibrated in situ at Bushland, TX, using techniques described by Evett and Steiner (1995) , and calibration equations were developed for the A and B horizons of Brewer silty clay loam soil. Total water use by cultivars was calculated by subtracting the amount of soil water at harvest date from the amount of soil water at planting and adding the precipitation received during the growing season. Water loss through deep percolation and evaporation were not included in this experiment. Deep percolation during the study period, with the prevailing temperature and precipitation patterns, would be negligible. Water use effi ciency was calculated by dividing aboveground standing crop (kg ha -1 ) by total amount of water (mm) removed from the profi le during growing season.
Statistical Analysis
Soil water content was analyzed by depth increment as a double-repeated measure in cross-sectional (time series) analyses. Sampling dates and years were the cross-sectional elements and were analyzed with unstructured variance/covariance matrices (Littell et al., 1996) . Unstructured covariance matrices were used in the cross-sectional model due to uneven spacing and change in level of covariance among sampling dates and autocorrelation among sampling dates and years. Cultivar-fallow treatments were analyzed as fi xed eff ects, as were interactions between treatments and the repeated elements.
Total standing crop, amount of water used, and WUE were analyzed by mixed models, with variety the main fi xed eff ect and year the longitudinal (repeated) eff ect (Littell et al., 1996) . The LSMEANS procedure was used to test for diff erences in main and interaction eff ects, using P = 0.05 as the level of signifi cance.
RESULTS
Environmental Conditions
Amount and distribution of precipitation during the study varied among years ( 
Soil Water
Signifi cant (P < 0.01) interactions were recorded in amounts of soil water between cultivar-fallow treatments, sampling date, and years for all four depths, indicating that a complicated relationship existed in the use and recharge of soil penetrate to the deeper sections of the soil profi le. The average (±1 SE) soil water content under both types of soybean (across all depths and dates) was 21.0 ± 1.5% lower than the fallow treatment in 2004 and 2005, but only 6.7% lower during 2003. Overall, soil water content under the forage and grain soybean treatments were 16.2 ± 0.9% and 17.5 ± 1.5% lower than under summer fallow. Soil water under the fallow treatment was relatively stable across years and sampling dates in the three lower layers (20-35 cm, 35-50 cm, and 50-65 cm depths), and increased from 39.7 ± 2.9 mm to 56.5 ± 1.0 mm water per 15-cm soil depth over the growing seasons.
Total Standing Crop
Cultivar eff ects on standing crop were not signifi cant (F 3,9.1 = 1.8; P = 0.22) while year eff ects were significant (F 2,7.6 = 30.1; P < 0.01). No interaction was recorded among cultivars and years (F 6,7.4 = 1.0; P = 0.47). Standing crop in 2003 across cultivars was 45% of amounts produced in 2004 and 2005 (Table 2) .
Water Use and Water Use Effi ciency
Cultivar eff ects on water use were not signifi cant (F 3,4.3 = 4.0; P = 0.10) while year eff ects were signifi cant (F 2,7.9 = 9880.2; P < 0.01). Interactions between cultivars and years were not signifi cant (F 6,7.7 = 3.6; P = 0.06). The lowest water use occurred during 2003 (the driest year) with cultivars utilizing 229 ± 6 mm. Greater amounts of soil water were utilized by the cultivars in 2005 (582 mm) and 2004 (455 mm). Year eff ects on WUE were signifi cant (F 2,7.6 = 7.2; P = 0.02), while cultivar (F 3,7.1 = 2.9, P = 0.11) and cultivar × year interactions (F 6,7.5 = 1.9; P = 0. 
DISCUSSION
There was no identifi able eff ect related to type or cultivar of soybean planted on amount of water used, WUE, or total standing crop. In contrast to our results, Specht et al. (1986) observed diff erences among soybean cultivars in response to a seasonal water gradient. All three forage cultivars used in this study were developed from the four-way ('Wilson 6' × 'Forrest') × ('Perry' × L76-0253) cross . As such, they had similar genetic potentials for responding to soil water. The greatest eff ect noted in our study was related to year, specifi cally the amount and timing of precipitation during the growing season, and the reduction in levels of There is currently little information available on water requirements of forage or grain soybean in the SGP. In other regions, seasonal water consumption by soybean varied from 250 mm under dry conditions, to 840 mm under conditions of optimal water availability (FAO, 2000) . Water requirements for maximum production were reported to vary between 450 to 700 mm and 450 to 800 mm per season depending on climate and length of growing period (FAO, 2002; EMBRAPA-Soja, 2002) . Seasonal water availability in 2003 was 262 mm, which was 42% below the lowest reported water requirements for soybean. In comparison, the 534 and 515 mm received during the 2004 and 2005 growing seasons were within the requirements for maximum production.
Diff erences in water content of the soil profi le for the summer cropped and fallow treatments became detectable 4 to 6 wk after seeding soybean. The most noticeable level of water use by both forage and grain-type soybean occurred in August through September, as plants were either fl owering or forming pods. Similar results were reported in other studies (FAO, 2002; EMBRAPA-Soja, 2002 ). There was a higher level of WUE reported in the wettest year ( The eff ect of double-cropped soybean on soil water in this study appeared diff erent from a study in central Oklahoma on how double-cropping soybean after winter wheat can aff ect soil water. Daniel et al. (2006) found soybean grown during the summer fallow period under conservation tillage practices reduced volume of runoff by 50% and lengthened time to initial runoff by 45% following simulated summer rainstorms (100 mm -1 h -1
), compared to summer fallow. The root systems of soybean apparently provided pores in the soil profi le that allowed rapid initial infi ltration of water, thereby increasing amounts of soil water. However, though infi ltration may be improved, it might not result in a net increase in soil water. Soybean will utilize available moisture in the profi le to produce biomass and grain, so net improvements in soil water may not occur by the end of the growing season.
Results also showed the cumulative eff ect of doublecropping soybean (compared to summer fallow) after winter wheat on soil water over a three-year period, specifi cally reductions in available soil water during the succeeding summer growing seasons. Despite some recharge in the fall, precipitation during both the fall and spring lacked the volume required to completely recharge the soil profi le in all years. Wheat producers in the SGP rely on wheat as forage for grazing stocker cattle in the fall and winter, to augment returns per acre and improve profi tability of wheat (Peel, 2003) . Double-cropping soybean in the fallow period of winter wheat under dry conditions could have negative economic eff ects for producers (Redmon et al., 1995) , unless soybean fi xes enough N to off set potential losses from fall grazing. Rao et al. (2005) reported that forage soybean grown in the study area contained 28 g N kg ) for a dual-purpose wheat crop (Redmon et al., 1995) . Research is required to describe the trade-off s that may exist between production of wheat forage for fall grazing and fi xation of N by doublecropping warm-season legumes in the SGP.
CONCLUSIONS
Prolonged dry periods occur regularly in the SGP (Garbrecht et al., 2000) , and current models used to predict precipitation at the growing season scale are unreliable (Schneider and Garbrecht, 2003) . Given the importance of soil water to wheat production in the SGP and the frequency of occurrence of dry periods, double-cropping soybean with winter wheat should be considered a short-term tactical tool for producing summer forage and be restricted to wetter years, when optimum production might be obtained. Alternatively, a multicrop rotation including wheat (fall through spring), soybeans (summer), winter fallow, and short-season spring forage or cover crops could be developed to conserve moisture, improve soil condition, and help diversify farming operations and income in the SGP (Allen et al., 2007; Franzluebbers, 2007; Kirschenmann, 2007) .
